ABSTRACT -Context -Due to its good correlation to glycemic clamp, HOMA-IR has been widely utilized as insulin resistance index in clinical and epidemiological studies involving non-alcoholic fatty liver disease carriers. However, values used for this parameter have shown large variability. Objective -To identify the HOMA-IR cut value that best distinguishes non-diabetic non-alcoholic fatty liver disease patients from a control group. Methods -One hundred sixteen non-alcoholic fatty liver disease patients were studied, diagnosed by clinical, biochemical, and liver image or biopsy criteria, and 88 healthy individuals, without any liver disease and testing for oral glucose tolerance within normality. These groups did not differ in age and gender. All were submitted to oral glucose tolerance test and blood samples were collected for glucose and insulin measurements by immunofluorometric method. HOMA-IR was calculated according to the formula: fasting insulin (mU/L) x fasting glucose (nmol/L)/22.5. Results -NAFLD patients showed higher insulin, glycemia, and HOMA-IR values than control group, even when excluding glucose intolerant and diabetes mellitus patients by their glycemic curves. 
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has been pointed out as the most prevalent hepatic disease throughout the world. In the liver biopsy of these patients, pure steatosis, either associated to inflammation or not, and even steatohepatitis with or without fibrosis or cirrhosis, can be found (21) . Insulin resistance has a central role in both steatosis installation and in its progression to more advanced forms of the disease as non-alcoholic steatohepatitis (NASH), what makes it the main pathogenic mechanism of NAFLD (9, 24) . Several methods have been used for diagnosing insulin resistance in humans. Glycemic clamp continues to be the gold standard procedure; however, its complexity limits its application in daily medical practice (16) . Several methods using glycemia and insulinemia measurements, both during fasting or after oral or endovenous glucose overload, have been proposed (26, 28) . Due to the simplicity of its determination and calculation, insulin resistance assessment by the homeostatic assay (HOMA-IR) has been the most frequently employed technique both in clinical practice and in epidemiological studies. HOMA-IR, as proposed by Matthews et al. (19) , shows significant correlation to glycemic clamp in non-diabetic patients and has been widely utilized in NAFLD clinical studies (2, 13, 14) . In these studies, however, cut values of HOMA-IR to identify IR have been arbitrarily set and show great variety among authors. Moreover, these values were obtained in case-control studies or in trials performed with a small number of control subjects (11, 12, 25, 27) . The purpose of this study was to identify the best HOMA-IR cut value to differentiate non-diabetic NAFLD patients from a control group of non-obese subjects, without any known liver disease and with oral glucose overload within the normal range.
METHODS
For this study, 116 NAFLD patients were selected, diagnosed by liver biopsy or ultrasound detection of steatosis and increased liver enzymes, excluding patients with fasting glucose level above 125 mg/dL, positive hepatitis virus B or C serology (third generation ELISA detection method), alcohol consumption >20 g/day, other associated liver diseases, or use of medication with hepatotoxic potential. Control group constituted of 88 subjects without any detectable liver disease, body mass index <25, normal GTT, and of comparable age and gender with the group of evaluated patients.
Histological criteria: in patients submitted to percutaneous liver biopsy, histological analysis was conducted according to the criteria established by Mateonni et al. (18) and Brunt et al. (7) . A 2-hour oral glucose tolerance test (GTT) was performed after a 12-hour fasting period, following glucose overload with 75 g of dextrosol, diluted in 300 mL of water. Blood samples were collected in order to measure glycemia and insulinemia at fasting and 30, 60, 90, and 120 minutes after glucose overload.
AST, ALT, GGT, alkaline phosphatase, and glucose values were assessed by automatic kinetic methods. Insulinemia values were obtained by immunofluorometric assay (Perkin Elmer BR-CS).
HOMA-IR was calculated using the formula: HOMA-IR = [glucose (nmol/L) * insulin (mU/mL)/22.5], using fasting values (19) . According to the criteria adopted by the American Diabetes Association for fasting and post-oral overload glycemic values (4) , patients were classified as intolerant or pre-diabetic when fasting glycemia was between 100 and 125 mg/dL, or when the 120-minute glycemia reached between 140 and 199 mg/dL. Patients with 120-minute GTT glucose >200 mg/dL were considered diabetic.
The study protocol was approved by the Human Ethics Committee of Hospital de São Paulo, Universidade Federal de São Paulo SP, Brazil. Written informed consent was obtained from all participant subjects.
Statistical analysis: values were expressed as mean ± standard error of the mean (M ± SEM). Student t test and c 2 test were employed for comparisons among the studied groups and the ROC curve was used to evaluate diagnostic sensitivity. Values of P<0.05 were considered statistically significant.
RESULTS
One hundred sixteen NAFLD carriers were included in this study, amounting to 86 (74%) males with mean age of 41 years. Control group constituted of 88 subjects, 54 (68%) males with mean age of 42 years (Table 1) .
Mean values of analyzed parameters (insulin, glycemia, HOMA-IR) for the studied groups are shown in Table 1 .
Among NAFLD patients, 49% were biopsied, of which 32% were classified as carriers of NAFLD types 1 and 2 (steatosis with or without inflammation) and 68% as types 3 and 4 (non-alcoholic steatohepatitis with or without fibrosis). Liver cirrhosis was diagnosed in 4.5% of the cases.
Control group presented HOMA-IR mean value of 1.27 ± 0.63 (median = 1.10; 75th percentile = 1.78). All control group subjects presented glycemic curves within normal range.
Among the studied patients, 33.6% (39/116) were classified as intolerant, while 10.4% (12/116) showed a diabetic curve. In 28.4% (33/116) of the patients, fasting glycemia was found above 99 mg%.
Significant differences between patients and control group subjects were observed in all studied points of glycemia and insulinemia concentrations ( Figures 1A and 1B) . Insulinemia and HOMA values were found higher in patients when compared to control group, even after exclusion of patients with altered glycemic curve (intolerants and diabetics) from the analysis ( Table 2) .
remains the most utilized index in both daily practice and epidemiological studies.
IR is frequently found in NAFLD, related both to steatosis emergence and to disease progression to its more advanced forms, nominally steatohepatitis, cirrhosis and hepatocarcinoma (12, 29) . Studies with NAFLD patients have shown an almost universal concurrence of IR, making it a suggestive parameter for NAFLD diagnosis, which, up to this moment, does not present any specific markers despite its high prevalence in the general population (3, 6, 22, 24) . In these studies, HOMA-IR values used to identify IR have been arbitrarily determined, showing wide variation among authors. These values were obtained in case-control studies, with a small number of individuals as control group, assessing IR by HOMA using the percentile value distribution of this reference population, not considering value distribution in NAFLD carriers (1, 5, 8) .
In this work, we took great care in amplifying the concept of control population, stipulating that individuals should also present a normal glycemic curve, in addition to being free of any known systemic or liver diseases. Moreover, we sought to study a proportional number of control cases, in the control group, to the number of studied patients, selecting individuals with similar demographic characteristics as those for the NAFLD patients.
We proceeded comparing the diagnostic accuracy of several cut points of HOMA-IR, which best distinguished NAFLD patients from control group subjects.
The corresponding HOMA-IR value to the 75th percentile of the reference population was 1.78, similar to that of other studies, such as from Chitturi et al. (10) , but much lower than the 3.04 observed by Lee et al. (15) in the Korean population. Considering that we used variations of whole numbers to evaluate the diagnostic capacity of HOMA-IR values, the cut value of 2, which is the closest to the 75th percentile, showed the best discriminatory capability between the studied groups as shown in Table 3 . On the other hand, values of 2.5 and 3.0 presented better specificity, although accompanied by progressive loss in sensitivity, which made us conclude that 2.5 would the best value to exclude control group with the smallest loss of NAFLD patients.
Finally, even excluding glucose intolerant patients or those with GTT diabetic curve, insulinemia and HOMA-IR values for these patients are still significantly increased when compared to those of subjects from the control group. Even though it can be argued that this is a mere reflection of the subjects greater body mass, it is worthy of notice that even among morbidly obese patients, values similar to those for the control group can be observed. Perugini et al. (22) , for example, found that only 34% of 138 candidates for gastric bypass presented HOMA-IR higher than 2.3, observing no correlation between HOMA-IR and BMI (22) . In this way, it is more likely that increased insulinemia and HOMA-IR values translate the initial IR phase, when compensatory hyperinsulinemia is able to normalize In order to identify the best HOMA-IR value to distinguish NAFLD subjects from the control group, data was analyzed by means of the ROC curve, as shown in Figure 2 and Table 3 .
As it can be seen, the best area under the curve was obtained for HOMA-IR values of 2.0. 
DISCUSSION
Several parameters have been used to identify IR, such as Quicki test, insulin sensitivity index, 2-hour insulinemia, difference between the areas under insulin and glucose curves, among others (16) . glucose circulating values, unfortunately leading to altered liver lipid metabolism, which results in liver steatosis (12) . Indeed, it was demonstrated that even though almost 90% of NAFLD patients present more than one characteristic of metabolic syndrome, only one third of them have the ultimate MS diagnostic (17, 20, 23) .
